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The role of NADH-dependent glutamate dehydrogenase (GDH) was investigated by
studying the physiological impact of a complete lack of enzyme activity in an
Arabidopsis thaliana plant deficient in three genes encoding the enzyme. This study
was conducted following the discovery that a third GDH gene is expressed in the
mitochondria of the root companion cells, where all three active GDH enzyme
proteins were shown to be present. A gdh1-2-3 triple mutant was constructed and
exhibited major differences from the wild type in gene transcription and metabolite
concentrations, and these differences appeared to originate in the roots. By placing
the gdh triple mutant under continuous darkness for several days and comparing it
to the wild type, the evidence strongly suggested that the main physiological
function of NADH-GDH is to provide 2-oxoglutarate for the tricarboxylic acid cycle.
The differences in key metabolites of the tricarboxylic acid cycle in the triple mutant
versus the wild type indicated that, through metabolic processes operating mainly in
roots, there was a strong impact on amino acid accumulation, in particular alanine,
γ-aminobutyrate, and aspartate in both roots and leaves. These results are discussed
in relation to the possible signaling and physiological functions of the enzyme at the
interface of carbon and nitrogen metabolism.
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